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CONCEPTS AND PRINCIPLES FOR 
ENVIRONMENTAL ECONOMICS 
By James]. Sullivan"" and H. Fernando Arias"""" 
INTRODUCTION 
In recent years the development of the field of study known as 
Environmental Economics has resulted in modifications in some 
of the traditional concepts involved in economic analysis. Basically, 
it can be said that Environmental Economics has augmented the 
set of natural resources to include the qualitative aspects of the 
natural environment and the quality of human life. In order to 
deal effectively with the general subject of Environmental Eco-
nomics it is necessary to formulate concepts and principles to facili-
tate the clear exposition of the problems involved and possible 
policies to resolve these problems. 
ENVIRONMENTAL RESOURCESl 
Traditionally, natural resources have been identified as the ele-
ments of the natural environment needed for the production of 
certain basic commodities (farm, forestry, fishing, water, and min-
eral products) and, to a much lesser extent, of certain services such 
as recreation and water transportation. 
With the advent of heavy industrialization and the expansion 
of the tertiary sector, the contributions to GNP of natural re-
sources as commodities have decreased substantially. Roughly, the 
contribution of natural resources as commodities in 1970 was 11 % 
of the GNP, an indication of the expansion of other activities. 
For this reason it is necessary to broaden the concept of natural 
resources to better address present and future problems. 
The traditional resource concept. requires the use of the con-
cepts of "am, ' ity resources" and "open space resources." Amenity 
resources are special combinations of natural resources which, 
when evaluated together, indicate a convenient location for eco-
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nomic actiVIty and family living. Amenity resources include to-
pography and the climate. Open space resources are those areas 
that offer breathing space and recreation facilities for urban dwell-
ers, such as parks, beaches, rivers, and open countryside. In 
approaching a definition of environmental resources one must in-
clude not only the traditional economic factors of production 
(capital, land and labor) but also the elements of nature involved 
directly or indirectly in the production process. These may be the 
different climates and soils, bodies of water, and the living organ-
isms of this planet. Thus, the concept of environmental resources 
may be defined as the combination of the available means in the 
production, distribution and consumption of goods as well as the 
complex of climatic, edaphic, and biotic factors. Their interactions 
and trade-offs will determine the quality of life of organisms and 
their ultimate form of survival. 
Commodity resources and environmental resources form an 
augmented set that generates services to consumers. In economic 
terminology, these resources or the services these resources yield 
enter the individual's utility function. 
According to classical and neoclassical economics, individual 
preferences are assumed to be independent from one another. 
This assumption is made to avoid interpersonal comparisons 
among individuals, but it unfortunately limits the analysis since 
the services provided by environmental resources are subject to 
externalities of the most intricate nature. It is commonly believed 
that solutions to problems involving externalities cannot be found 
through the price system since they do not enter the market in a 
way that permits their quantitative evaluation.2 
From an economic standpoint, natural resources can be divided 
into two major groups: economic goods and free goods. An eco-
nomic good is anything which yields utility to someone and which 
is scarce. It is scarce if the total supply is less than what people 
would consume if they could have it free. A market for this good 
exists and a price is thereby determined. If there is enough of the 
good to satisfy everybody's wants at a zero price, we call this a free 
good. Air is normally considered a free good. 
Nevertheless, a welfare accounting may indicate that the costs 
associated with air pollution are not something to be dismissed. 
Thus, when we want to develop a definition of environmental 
resources, the notion of a free good is immediately suspect. It is 
no longer possible to eliminate environmental decay from an En-
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vironmental Economics analysis since the welfare costs may be 
considerable. Similarly, other elements of the environment are now 
considered as resources for commodity production. For instance, 
airlines must compete for the use of air space routes. There is a 
demand for the use of such space; a similar demand and competi-
tion exist concerning radio and television airways. 
The expansion of technology continues to impose new damands 
on the natural environment; man has already begun to use outer 
space for weather and communications satellites. We cannot speak 
of space scarcity in this case, but welfare gains exist and are sub-
stantial. 
Once we begin to think in terms of Environmental Economics, 
the notion of resources-for-production must be extended. This is 
not to say that the traditional view of economic resources should 
be put aside. In fact, it is necessary to maintain the traditional 
formulation, but we need in addition to include all those resources 
which contribute to human activity. It may sound farfetched to 
say that the space in which a satellite orbits around the earth is 
subject to scarcity. What is important is not the space it occupies, 
but rather the services the satellite provides. These services are, 
however, inextricably tied to the space it occupies. Thus, when 
considering environmental resources, we must not only expand 
the set of elements but also our understanding of what it entails, 
for example, to have fresh air associated with urban living. In 
doing so one must consider the features of the natural environ-
ment as not merely qualitative aspects of the environment, but 
rather as contributors to output. The traditional view of natural 
resources represented by the productive plant must be expanded 
to include training, research, communication, transportation, and 
water, space, and air use, as well as many other environmental 
elements. Thus, in any setting, the interrelated network of en-
vironmental resources with the capital of the plant are influential 
in the efficiency of the plant. 
In approaching the production processes this way, we may note 
that it is historically correct to say, for instance, that traditional 
societies relying heavily on agriculture had a crucial dependency 
on water resources, land quality, and communications networks 
of some sort. With the advent of industrialization, productive 
plants had to rely on minerals, timber, and waste disposal into the 
air or water. At this stage of development, many elements of the 
environment were taken for granted, considered to be unlimited, 
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and used indiscriminately. Rivers, lakes, oceans, and air were used 
as receptacles for industrial, transportation, and household wastes. 
In the long run, the imposition of such a burden on the natural 
environment has created some difficulties which become aggravated 
with the passing of time. From the producer's standpoint, the 
availability of a free reservoir for his waste products may be con-
sidered as society's contribution to the producer's income. 
In today's world the scope of economic activity has been con-
siderably extended. It is estimated that the recreation and educa-
tion industries will soon surpass farming in importance in terms 
of both labor force and share of GNP. Similarly, the commodity 
producing sector employs less than 30% of the labor force while 
the service sector continues to expand. 
To evaluate the production process in its entirety, it is necessary 
to understand the relationships resulting from the qualitative and 
quantitative aspects of environmental resources. The environmen-
tal elements are found in a mixture, and separability may not be 
easily ascertained. For example, water uses for drinking, cooling 
and waste disposal, land uses for production, living space, and 
recreation, and air uses for waste disposal and human needs are 
seen as inextricably mixed. 
The aggregate of these factors is becoming important in policy 
decisions. For instance, public restrictions on airport sites may be 
imposed based on noise and air pollution, safety standards, and 
convenient proximity to urban centers. In the case of industrial 
location it may be convenient to limit certain activities because 
of heavy industrial wastes in the air and water. In short, quality 
of living aspects are part of the production process not only in 
their quantitative nature but also as factors determining pro-
duction costs. 
With this in mind, we can consider the set of environmental 
resources with the same basic approach used for traditional natural 
resources. Traditional natural resources have been viewed along 
"conservation, development and use of natural resources" prin-
ciples; it is now necessary to augment the natural resources set 
with additional resources based largely on ecological considera-
tions. Accordingly, four principles can be defined. 
The first principle is that environmental resources belong to 
all of society and that no group of people should exploit them to 
the detriment of others. Present generations are seen as having 
the moral responsibility of recognizing the unity of man's past and 
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future, and accordingly should conserve and allocate resources 
for posterity. For example, the use of open areas, parks, and 
beaches for residential sites ought to be subjected to scrutiny with 
consideration given to the protection of present and future social 
welfare. 
The second principle is that the values of environmental re-
sources are measured by the degree of usefulness the resources 
have for humans. This is expressed in terms of the desirability of 
the development of such resources by means of investments. Thus, 
the decision to develop water or atomic energy resources indicates 
the value society places on the use of such resources. In their de-
velopment the basic consideration must be the maximization of 
social returns over time. In the case of water resources, the maximi-
zation of social returns will be obtained only through an adequate 
definition of objectives to be achieved. Furthermore, it is necessary 
to consider the many aspects of water uses and the best available 
methods for the efficient allocation of such uses. 
The third principle is the utility of multiple uses of the same 
resource. Whenever development is proposed, planners ought to 
derive the greatest possible advantage from the projected develop-
ment. For instance, some coastal zone areas may be developed for 
a combination of agricultural uses, park and beach recreation, 
open space, and transportation and communication uses. This 
principle tends to eliminate the wasteful single purpose view of 
environmental resources. It is in essence a cost saving device since 
it allows for the clustering of activities in a limited area with con-
sequent savings in land use, road construction, and other facilities. 
This kind of development requires extensive planning. At times, 
it may be found that the greatest possible advantage of a project 
resides precisely on a single purpose use of a resource. This may be 
the case where efficiency and general social benefits may be derived 
by specializing available technology on a single resource. This is 
a special case of the third principle where the presence of multiple 
uses diminishes net social benefit. 
Finally, the fourth principle is that man's intervention in nature 
ought to recognize the biological, chemical and physical limitations 
of the environment. That is, the effects of man's activities ought 
to be regulated so as to maintain a balance between the natural 
and the artificial elements. For instance, chemical waste disposal 
in lakes cannot be increased continuously if we expect to use the 
lake for swimming and fishing. It is essential therefore to keep in 
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mind the biological, chemical and physical limitations when con-
sidering the extent to which environment can be transformed by 
technology. 
ENVIRONMENTAL SYSTEMS 
An environmental system is an integration of ecological con-
siderations into a highly interrelated set of relationships with spe-
cial emphasis on the mix between artificial and natural resources 
as part of the relational set. Because of the indissoluble mixture 
of the components, changes in one portion of the system will cause 
immediate or delayed effects in the rest. The effects can be bene-
ficial or harmful depending on the type of evaluation one is in-
terested in obtaining. For instance, the cutting down of redwood 
forests for industrial uses is a positive effect with respect to pro-
duction and employment but is a negative effect with respect to 
wildlife and the environment. For this reason, all the effects must 
be identified and related one to the other to obtain an overall 
assessment of the effect on society. This assessment procedure is 
not simple. 
The concepts and principles outlined above are rather general 
and may be applied to all environmental resources. An environ-
mental system is consequently subject to the same four basic 
principles. Similarly, it is possible to describe subsystems having 
the same general characteristics. 3 Thus it is possible to speak of 
marine resource subsystems encompassing the on-shore coastal 
zone area and the near shore coastal zone area. A rural environ-
mental subsystem is composed of those resources found in a mix 
outside urban centers; it is also possible to consider an urban en-
vironmental subsystem. Because of the high degree of interde-
pendence among the subsystems, definitions are somewhat arbitrary 
and overlapping. The point is that all subsystems are part of the 
larger scheme of things, and none functions independently of the 
others. 
The urban subsystem comprised of a city and its metropolitan 
areas is by far the most significant for study since most of today's 
population and most economic activity is urban in nature. The 
urban environment can be thought of as an open system, where 
openness signifies that the internal elements of the system are re-
lated to units outside the system. For instance, roads, communi-
cations systems, and airways link the city with other urban or 
non-urban areas. The interactions are quite varied and complex 
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and may involve items such as communications, transportation of 
commercial trade, sewage disposal, air pollution via atmospheric 
movement, business travel, tourism and many others. 
In the same manner, the internal units of the urban center are 
highly interrelated. The quantity and intensity of these inter-
actions among urban units far exceed the intensity of interactions 
with units outside the system. Such activities as commuting to 
work, telephone calls, distribution of goods to consumers, emission 
of waste material and the daily interaction among individuals 
within the system have a higher volume and frequency of occur-
rence among intracity units than with extracity units. 
Specialization of function and reliance upon specialized services 
by manufacturing and service industries generates the tendency 
to centralize the location of economic activities within an urban 
area. The clustering of activities within an area has many economic 
advantages. The diversification of industry demands a large, skilled 
labor force normally found only in large urban centers. The ser-
vices associated with providing urban populations with food dis-
tribution, medical care, education, banking, and other services 
makes centrality of location an extremely useful convenience. The 
size of the urban center allows activities which might not occur in 
non-urban areas. Concert halls, opera seasons, stadiums and the-
atrical activities are a few examples that might not exist without 
urban concentration. Centrality of location is able to provide 
many cultural externalities. Perhaps the notion of economies of 
scale is applicable, in that with greater concentration of economic 
activities in an area, the greater the chances are for the expression 
of cultural diversity. Economies also result from clustering activ-
ities within convenient distances of each other. With adequate 
amenity and open space resources to augment the other elements 
of urban living, the metropolis could be an attractive place to live. 
City studies have concentrated on the cluster-like nature of ec-
onomic life in urban areas. 4 The urban center is referred to as the 
node of economic activity. The nodal characteristics are primarily 
the quantity and intensity of interactions. Nodality is a complex 
phenomenon which involves the interactions of all elements de-
scribed above. It includes an elaborate system of artificial elements 
reacting to people's needs in a highly sophisticated but generally 
logical way. Thus, we can speak of a downtown sector of the city 
with a high intensity of human interaction dedicated to a coherent 
program of economic activity. 
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Many elements within the urban environment are not only 
generated by the interaction of natural and artificial features, but 
also reflect the trade-offs between these elements. For example, 
indoor recreation facilities in the urban setting may substitute for 
some outdoor facilities, such as parks, within the city to allow for 
other forms of construction, such as apartment buildings. The 
trade-off, in this case, not only helps to create high density living 
conditions, but also provides the basis for a different socioeconomic 
life style. The trade-off resulting from this interaction may be 
beneficial or harmful, and may have an unpredictable effect. 
Finally, it should be recognized that different interest groups 
come into conflict and their confrontation produces different 
policies. It is important to note that a complete understanding of 
the forces acting upon the environment must be attempted in 
order to formulate desirable policies. Only with such comprehen-
sive and thorough study would such policies tend to promote the 
general welfare rather than the interests of special interest groups. 
CLASSIFICATION OF ENVIRONMENTAL RESOURCES 
It was stated earlier that environmental resources generate 
services to individuals. The services received by individuals are 
considered as arguments in a utility function. In this respect iden-
tification as an environmental resource presupposes that a planning 
agent is appraising the usefulness of this element of his environment 
for the purpose of obtaining some utility or satisfaction. The plan-
ning agent in this case could be an individual, a firm, or a govern-
ment with a certain technology at his disposal and with an institu-
tional framework with which to operate. A resource may vary in 
its degree of usefulness as the planning agent shifts his preferences. 
A resource, then, is a relative concept inasmuch as changes in the 
technology, in the final objective of the planning agent, or in the 
existing social arrangements change the value assigned to a given 
resource in providing satisfaction. 
It follows that resources are variables of a complex social system 
in which man evaluates the functions resources are to fulfill when 
interacting with the whole of social activity. Other variables are 
the state of technology, the objectives to be achieved, and the value 
system of a given culture. Consider, for instance, the existence of 
forests whose historical use was to provide firewood and hunting 
grounds. A rapid technological development in construction and 
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log transportation techniques shifted the value of that forest re-
source to a higher level. Now the objectives to be achieved are 
different from the original ones although the resource has not 
experienced any change. Thus the evaluation of a resource by a 
planning agent is determined largely by its contribution to pro-
ducing satisfaction in its expected use. The result of this view is 
that planning must clearly involve the expected uses of resources 
and thereby the complexity of uncertainty. 
In classifying environmental resources we can distinguish be-
tween two broad categories: stock resources (non-renewable) and 
flow resources (renewable).5 
Stock Resources 
Resources are defined as "stock resources" if their total physical 
quantity does not increase significantly over time. This definition 
is restricted to the view economists have of environmental re-
sources. From a geologist's point of view resources such as coal or 
oil may increase with time. Here, the time dimension is too large 
to have economic meaning. A further economic restriction is im-
plied by the fact that stock resources are found in a certain concen-
tration and with a minimum of acceptable grades of purity to be 
considered for economic exploitation. Further, the location of the 
resource must be such that the available technology is capable of 
handling its processing. That is, iron ore found at great depths in 
the ocean may not be utilized because of insufficient technology 
or prohibitive economic costs. 
Although geology is interested in the total physical quantity and 
composition of the earth matter, economics is only concerned with 
accessible portions of "high quality" substances. A given quantity 
of any such substance is of economic interest when the relation 
between revenue (or social benefit) and cost represents a sufficient 
incentive for society to undertake its exploitation. Once the deci-
sion to utilize a certain quantity of a stock resource is made, it may 
be possible to determine the time horizon for its exhaustion, since 
we assume a limited stock subject to a known rate of expected use. 
Therefore, we can say that a stock resource is an economically sig-
nificant reservoir with insignificant additions but with possible 
leakages. The level of the reservoir is lowered through leakage and 
through its rate of utilization. 
Stock resources can be further classified into two major sub-
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classes. The first subclass can be thought of as those resources which 
remain virtually intact with the passing of economic time. Most 
metal ores and stones belong to this set. A second subclass includes 
those stock resources whose total quantity may decrease over time. 
An example of this set is oil. In this case the economically signifi-
cant amount of this resource may be diminished by seepage. An-
other example is natural gas which escapes into the atmosphere or 
burns when subjected to certain conditions. Other examples are 
decreases in land fertility due to erosion, oxidation of metals, radio-
active decay, etc. Both subclasses of stock resources man be affected 
by human technology. 
Flow Resources 
Flow resources or renewable resources are reservoirs with input 
flows and output leakages, becoming available in varying amounts 
in different time intervals. These successively available quantities 
constitute the flow. If the available flow of a resource is large rela-
tive to its rate of use, indefinite utilization is possible provided the 
input flow continues. 
The whole notion of flow resources may be characterized by 
some cyclical process. Air is a flow resource whose replenishing 
depends on a cyclical interaction of biological agents. River waters 
are also a flow resource, as are other water bodies where input flows 
occur. 
Human actions can influence resource flow through the available 
technology and the degree of utilization man makes of such flows. 
From this point of view we can identify two subclasses of flow re-
sources: those which man can affect and those which he can not. 
An example of the first subclass is human population flow. It is 
quite possible given the present state of technology to curtail or 
advance the input flow of humans into the world. Similarly, the 
flow of clean air into the atmosphere may be affected by destroying 
or increasing the forests and green areas. The second subclass, 
which humans cannot significantly affect with respect to rate of 
flow in future intervals, contains at present such elements as winds, 
solar radiation and tides. 
In the first subclass, the existence of a critical zone must be con-
sidered. A critical zone is a more or less clearly defined range of 
rates outside of which a decrease in input flow cannot be reversed 
economically under foreseeable conditions. Consider, for example, 
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the existence of fish in a given lake. Because of extensive waste 
disposal by industry and the general community, the lake may be-
come uninhabitable for fish. Man's intervention in this case causes 
the elimination of a form of life. If the fish species was unique the 
process is completely irreversible. Other examples exist of irrevers-
ible changes in nature due to man's intervention. The development 
of a scenic resource, heavy soil erosion, or farm lands covered by 
water from dams are examples. Some of the processes are reversible, 
however, such as farm lands which have experienced serious de-
clines in productivity which can become more productive with the 
addition of proper nutrients and sufficient water. What is impor-
tant is the identification of the "critical zone" which is necessary 
for determinating whether a change is reversible or irreversible. 
One such critical zone has recently become quite important: the 
level of atmospheric pollution present in urban centers. The deter-
mination of "how critical" this problem is has not been accurately 
solved. However, observations by biologists suggest that the effects 
of a polluted environment are not felt by individuals in a short 
time. 6 The effects are delayed and indirect, and may occur several 
years after initial exposure and may be overlooked over the short 
run. 
For a better assessment we need to effectively measure the actual 
state of the environment and compare the result with the critical 
level we want to avoid. Only with such an approach can we deter-
mine the seriousness of a problem and thereby have useful infor-
mation to help society determine how much of its scarce resources 
should be utilized to resolve the problem. 
INDICATORS OF THE STATE OF THE ENVIRONMENT 
Developing a useful method for evaluating the current state of 
the environment is a most difficult task; evaluating the future state 
is still more difficult. This evaluation requires a great deal of re-
search leading toward criteria for assessing the adequacy of the 
environment for human life. Although we may be a long way from 
having such a method, once a framework to assess environmental 
quality is obtained, it will be of great advantage to human life. 
Indicators of the state of the environment provide the infor-
mation for public or private agencies to deal effectively with the 
complex problem of the natural or artificial environment. Such 
indicators are measurement tools which characterize changes in 
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environmental quality and allow evaluation of resultant configura-
tions obtained through public or private efforts to improve the 
environment. An indicator presumably describes the existing con-
ditions of a single element or factor which is part of the environ-
mental system. Examples of indicators are indices of water quality, 
quality of housing, amount of open space available, and noise 
pollution. 
Implicit in this framework is the establishment of goals and 
standards to be achieved. Standards must be established with the 
realization that quality characteristics of the state of the environ-
ment are generally subjective. It is true, for example, that recre-
ation opportunities or a noise level of 120 decibels affect different 
individuals in quite different ways. For this reason the standard 
should allow for considerable variation. 
The first step in the development of adequate indicators would 
be an enumeration and characterization of the present state of the 
environment. Assuming that standards and objectives have been 
reached, it would be possible to compare the actual to the desired 
situation. If the actual state is found to be at variance with the 
objectives, corrective measures may be taken to influence the move-
ment of indicators toward desired levels. A ranking of priorities 
should be developed so that resources can be put to work in so-
ciety's best interest. 
A note of caution is in order concerning interpretation of move-
ments of various indicators. The favorable movement of one indi-
cator may be accompanied by an equal or larger unfavorable move-
ment of another indicator caused by the complex and sometimes 
confusing interrelationships within an environmental system. For 
example, a method of abating declines in agricultural productivity 
may include the introduction of stronger pesticides. This may in 
fact reduce undesirable scarcities of food staples, but, simulta-
neously, may also produce harmful effects on the wild life and 
water quality. Because of these complex interrelations and trade-
offs, environmental indicators, regardless of how accurate they may 
be, can only describe one aspect of the problem. An expansion of 
the scope of the indicators to include an overall view of the whole 
environment is required. This type of consideration in turn re-
quires regional or national policies by governmental agencies. 
Benefit·cost analysis is the logical tool for undertaking a global 
evaluation of environmental policies. Net social benefit is given 
by the assessment of total social benefit minus total social cost. 
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The application of this concept can be used for particular environ-
mental disturbances or for the whole range of effects in the total 
environment. 
In a benefit-cost analysis, an objective function representing the 
present value of net social benefit is maximized subject to specified 
constraints; the objective function may be defined in terms of a 
social welfare function, which presupposes that maximizing net 
social welfare in analogous to maximizing economic welfare. Prob-
lems occur in the measurement and computation stages from the 
choice of interest rate or social time preference, the treatment of 
risk and uncertainty, externalities, collective goods, taxes, second-
ary or induced benefits, intangible benefits and imperfect markets. 
These problems, of course, are independent of the trade-offs built 
into the preference structure of the society. 
Having defined the proper objective function and constraints, 
the analysis can be used to assess the impact of a specific environ-
mental disturbance, to determine which of several alternative co-
ordinated public or private courses of action intended to serve a 
given purpose results in the largest ratio of benefits to costs, and 
to indicate which of several projects designed for different environ-
mental purposes generate the largest net benefit. 
PERSPECTIVES ON THE CONCEPT OF ENVIRONMENTAL RESOURCES 
In this section an attempt will be made to consider environ-
mental resources as part of the aggregate of elements interacting in 
a complex, highly interrelated life support process. In a larger view, 
the earth may be considered an ecosystem with three distinguishing 
flows: information, energy and materials. 7 The present world is 
open in regard to all three. 
We can think of the world economy as a subset of the total eco-
system, including all people, capital, land, organizations, etc. This 
subset is an open one in the sense that inputs generate production 
of outputs for consumption. In the case of matter, we observe 
objects such as iron ore passing from the non-economic to the eco-
nomic set through the production process. A portion of the sub-
stance (scrap) basically has non-economic value and does not enter 
the exchange system.s The energy flow comes from the sun, tides, 
winds, and other sources. Some forms of energy have been stored 
up through the centuries. We are able to use such accumulated 
energy with the available technology and it is from this source that 
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man derives most of his energy supply. The current input from the 
sun is too small (given available techniques) to supply most of our 
energy requirements. The information flow is generated primarily 
by humans, or at least external signals are codified and made mean-
ingful .by man through information processing. Knowledge is a 
form of stored information. This is by far the most important flow 
since matter and energy acquire significance only insofar as they 
become part of human knowledge. 
Matter and energy are subject to entropic laws of universal dis-
persion while information mayor may not be subject to entropy. 
With the advances in science and technology, the increase in the 
amount and types of data has become explosive. Man's ability to 
correctly interpret available data into useful information may be 
compromised as a result. 
The en tropic nature of energy and materials suggest closedness 
with respect to the economic uses man makes of these elements. 
Kenneth Boulding defines openness and closedness by viewing an 
economic system with respect to natural flows. 
An open economic system, or "cowboy" economy, measured in 
terms of consumption and production activities, is one whose 
throughput from the factors of production is the measure of success; 
GNP is to be maximized. A part of throughput is input extracted 
from the reservoirs of raw materials and non-economic objects or is 
output into the reservoir of pollution, where the reservoirs are con-
sidered infinite sources or depositories without economic impact. 
In contrast, a closed economic system, or "spaceman" economy, 
considers the earth to be without unlimited reservoirs for either 
extraction or pollution in which man must find his place in a cycli-
cal ecological system capable of continuous reproduction of material 
forms and needing inputs of energy. Throughput from the factors 
of production is to be minimized. In this case throughput is the 
cost of maintaining the capital stock; Boulding suggests calling 
GNP the Gross National Cost. In the "spaceman" economy the 
reservoirs of pollution have limited flow capacity in the process of 
maintaining equilibrium.9 
A suggested measure of success for the "spaceman" economy is the 
nature, extent, quality and complexity of the total capital stock, 
which includes human capital. A technological change allowing 
stock maintenance with lessened throughput of consumption ac-
tivities is clearly desirable. 
The GNP represents the flow production for the capital stock 
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first to maintain, and second to increase, its level. Consumption in 
this case is metabolic decay, the wearing out of automobiles, the 
eating of food, etc. Production is necessary to counteract consump-
tion in maintenance and expansion of the capital stock as a measure 
of welfare. lO 
Boulding's main argument points out that the availability of 
energy and material inputs is limited. Given the present state of 
technology and current population growth rates, a serious crisis 
may be forthcoming. The closed economic system he describes may 
become an adequate starting point toward planning resources for 
posterity. 
SUMMARY 
The traditional concept of natural resources has been broadened 
to include non-commodity aspects which are normally not reflected 
in the exchange system. The extension of the natural resources con-
cept to environmental resources focuses attention on the generation 
of externalities and on their collective good aspects. It is shown that 
qualitative aspects of the environment are inextricably associated 
with commodity producing natural resources and that to a large 
degree they should be incorporated as determinants of production 
costs. 
An environmental system may be divided into subsystems. The 
urban subsystem is the most important since it is the location of 
most economic activity. It is an open subsystem that can be de-
scribed in terms of its nodal characteristics. The advantage of this 
approach is that it allows the development of a framework for en-
vironmental decisions at a regional level. 
Environmental resource classification is found to be dependent 
largely on the degree of usefulness society places on the resource. 
From a physical point of view resources are classified as stock or 
non-renewable and. flow or renewable resources. A critical zone is 
defined for flow resources when changes in the flow may threaten 
continuation of the flow. Irreversible changes in flow may prove to 
have adverse effects on the natural environment. In order to assess 
the state of the environment, a suitable measurement tool is sug-
gested in the form of indicators. These indicators of the state of the 
environment are to be pertinent measuring indexes which signal 
changes in environmental quality to help evaluate the results of 
efforts to improve the environment. The implementation of such 
measurement provides information for formulation of policies for 
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private or public bodies. The logical method of analysis in such a 
case is based on benefit-cost considerations where net social benefit 
is to be maximized. 
For the purposes of an overall view of the environment, the closed 
and open nature of economic systems is presented. Benefiting from 
Boulding's writings it is suggested that the earth may be considered 
an ecosystem with information, material and energy flows. The re-
spective attitude toward throughput of materials from the factors 
of production distinguishes open and closed economic systems. The 
earth is a closed economic system without unlimited reservoirs for 
either extraction or pollution in which man must find his place in 
a cyclical ecological system capable of continuous reproduction of 
materials and forms, and needing inputs of energy. The importance 
of recognizing that all resources are limited and that there is a need 
for efficient and equitable allocation of resources cannot be over-
stressed. 
-~~-
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